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Temporal focusing (TF) microscopy is a wide-field optically sectioned multi-photon microscopy. It 
has the potential to realize three-dimensional (3D) volumetric in-vivo imaging with fast speed and 
large penetration depth. But TF has two fundamental limitations. The sectioning ability of TF is 
worse than confocal and two-photon excitation fluorescence (TPEF) microscopy. Meanwhile, the 
scattered background fluorescence reduces the signal-to-background ratio (SBR) in deep and dense 
sample imaging. This research aims to solve these problems through two original techniques, 
two-dimensional (2D) TF and 3D interferometric temporal focusing (ITF) microscopy. In addition, 
3D-ITF microscopy can achieve 3D super-resolution function. Also we find that 3D-ITF imaging is 
robust in distorted optics. 
Chapter 1 reviews the wide-field optical microscopy with sectioning ability. Among them, TF 
microscopy is the best candidate to realize 3D volumetric in-vivo imaging. Then the problems of 
TF and the objective in this research are described.  
Chapter 2 describes the proposal and demonstrate 2D-TF to improve the sectioning ability of TF 
to be the same as that of a point scanning TPEF microscopy as well as to keep the wide-field 
feature.  The experimental demonstration of the virtually imaged phased array (VIPA) based 
2D-TF to verify the theory is described. Then a 2D-TF TPEF microscopy to evaluate the sectioning 
resolution is built up and the improvement in imaging depth is shown. At last, the fast 3D 
volumetric imaging in 2D-TF by imaging 3D Brownian motion is achieved. 
Chapter 3 describes the combination of 3D structured illumination microscopy (3D-SIM) and TF, 
named 3D-ITF microscopy, to both remove background fluorescence and improve spatial 
resolution and sectioning resolution. A digital micromirror device (DMD) is used to build up 
3D-ITF in experiment. The super sectioning resolution and the super-resolution in 3D-ITF 
microscopy are evaluated, and the ability to remove background fluoresce in 3D-ITF imaging is 
proved. 
Chapter 4 describes the extension of the study described in Chapter 3 to investigate the 
performance of 3D-ITF imaging in distorted optics. The theoretical study shows that there is 
redundancy in spatial spectrum domain for 3D-ITF imaging. Through the numerical simulation, it is 
shown how the redundancy supports the resistance of spatial resolution and sectioning resolution in 
deep and dense sample imaging where wavefront distortions and background fluoresce exist.   
Chapter 5 summarizes the achievements in theoretical and experimental works and gives a 
prospect such as to combine the works in 2D-TF and 3D-ITF. 
